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FIRST  NOTE  ON  rULSii  TRANSFORMERS  FOR  MEMORY  CRIVERS 
N.  H.  Taylor 

Frank  Durgin  and  Earle  Gates 
May  27,  1953 


It  is  posaiblfi  to  drivo  the  coordinate  lines  of  a magnetic^cors 
memory  plane  with  small-current-capacity  vacuum  tubes  by  using 
push-pull  pulse  transforsers  with  lai-ge  ratios  of  current  trans- 
forraaticn.  A push-pull  transformer  is  necessary  to  eliminate  pulse- 
repetition  sensitivity  and  to  make  possible  bi-directional  currents 
on  a single-wire  driving  line. 


In  order  to  drive  a magnetic-core  memory  of  the  M.T.C.  type  a pulse 
of  500  ma  amplitude  is  required  from  both  an  ’’x"  and  "y"  driver.  As  determined 
in  Engineering  Note  E-533>  the  miminum  current  pulse  duration  is  1.5  ^.second. 
From  this  note  a desired  read-write  pulse  can  be  postulated. 

Figure  1 shows  the  waveforms  end  timing  first  suggested  by  the  Magne- 
tic-Core Memory  Section. 


^t(psec) 


Figure  1 (Time  in  micro-seconds) 
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In  order  to  lirive  the  magnetio-core  memory  directly  from  vacuuin 
tubes  the  tubes  must  supply  up  to  500  ma  plate  current.  To  do  this  we  either 
need  large  capacity  tubes  or  several  tubes  in  parallel.  Also  since  a vacuum 
tubs  conducts  in  only  one  direction  two  wires  are  required  for  each  coordinate 

^ j f w.u  j ctjr  • 

If  we  transformer-couple  tne  vacuum-tube  drivers  to  the  memory  array 
and  connect  the  transformer*  go  as  to  obtain  a step-up  in  current,  then  we  can 
use  smaller  and  more  reliable  tubes.  However,  the  transformer  has  one  very  un~ 
desirabje  feature  which  is  on  overshoot  voltage  opposite  to  the  desired  polarity. 
In  a linear  transformer  the  overshoot  cannot  be  eliminated  since  the  voltage- 
time  integral  must  go  to  zero  (unless  the  load  is  a non-linear  resistance). 


However,  it  is  posstble  to  utilize  this  overshoot  voltage.  Referring 
to  Fig.  1 we  see  that  the  "write  pulse"  is  of  opposite  polarity  than  the  "read 
pulse".  By  using  a push-pull  transformer  and  making  the  "writs  pulse"  follow 
directly  after  the  "read  pulse"  the  overshoot  voltage  and  recovery  time  are  no 
longer  a problem.  The  voltage-time  integral  is  zero  at  the  end  of  the  "writ# 
pulse"  so  there  is  no  overshoot.  Since  current  flows  in  both  direetiens  in  the 
secondary  of  the  transformer  we  need  only  one  driving  wire  instead  of  the  two 
needed  when  driving  directly  with  vacuum  tubes. 


Because  the  transformer  is  connected  voltage  step-up  from  the  load  to 
the  tubes,  any  voltage  induced  in  the  load  appears  as  a large  back  voltage  on 
the  plates  of  the  tubes.  The  allowable  back  voltage  will  depend  upon  supply 
voltages  and  the  tube  types  used.  If  we  can  reduce  the  impedance  of  the  memory 
array  then  higher  current  ratios  can  be  used  without  excessive  back  voltages. 

The  tests  reported  in  this  note  were  made  with  transformers  having 
5:5:1  turns  ratio  driving  the  Z-plane  winding  of  one  digit  plane.  It  was  as- 
sumed that  the  Z-plane  impedance  was  as  large  or  larger  than  the  impedance  which 
the  X or  y coordinates  of  a complete  memory  would  present  to  the  transformer. 
Under  those  conditions  it  was  possible  to  reduce  the  current  from  the  driving 
tubes  to  l50  ma. 


Equipment 


In  order  to  test  these  push-pull  pulse  transformers  the  setup  in 
Fig.  2 was  used. 
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TJis  output  of  the  M«  V„  Pulse  Generator  was  fed  to  the  .T-onostabie 
input  of  one  Mod»  V Coro  Driver  directly  and  uhru  the  Delay  line  Panel  to  the 
other  Modo  V Core  Driver-  This  arrangement  was  used  to  simulate  push-pull  in- 
put to  the  transformer-  ITie  delay  was  adjusted  to  give  the  best  waveform  with 
r.  glye.'i  poise  width  adjustment  of  the  first  Core  Driver » 


The  plates  of  the  Core  Drivers  were  returned  to  +150  volts  thru  the 
center-top  of  the  transformer  so  that  the  back  voltage  fiom  the  array  would  have 
less  effect  on  the  results o 


Throe  transformers  were  tested:  2 ferrite  transformers  and  one  hypersil 

transformer - 


rrar,?:"orwwr  ? (Fig-  7 and  8) 

Core  material:  F-109-5»  Feiramic  H 

Toroidal  Core 
“ 100  turns 

N3  “20  turns 


Transformer  3 (Fig»  9 and  10) 

This  transformer  is  similar  to  the  Standard  WWI  5s  1 pulse  transformer 
6-2l93-10.  An  extra  winding  was  added  and  the  center  tap  was  brought  out  to  s 
5th  terminalo 

In  the  waveforms  of  Fig.  5 thru  Fig.  10  the  output  pulse  is  adjusted 
to  500  ma  amplitude  with  a flat  top  1 ^.second  in  length. 

The  pictures  indicate  that  the  desired  waveshapes  can  be  approximated 
with  varying  degress  of  success . Rise  times  from  .3  jisecond  to  .5  ^second  were 
obtained  with  current  ratios  from  2.5:1  to  3.5:1*  By  decreasing  leakage  induc- 
tance we  can  obtain  faster  rise  times.  However  present  indications  are  that 
by  using  slower  rise  times  the  noise  in  the  output  of  the  sensing  winding  can 
be  reduced,  and  all  of  the  times  shown  in  Fig.  1 may  be  increased  by  50  percent 
or  inor6* 
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In  order  to  obtain  higher  current  ratios  leakage  inductancs  isust  be 
reduced  and  a core  material  which  has  lower  losses  at  the  frequencies  we  are 
operating  must  be  used.  The  turns  ratio  can  be  increased,  but,  increased  back 
voltage  and  leakage  inductance  will  limit  the  maximum  turns  ratio  which  can  be 
used.  If  we  Caii  clXo  o eliminate  the  damping  reaiatora  a much  higher  current 
ratio  will  result. 

More  tests  incorporating  the  above  ideas  are  beirig  made  and  the  re- 
sults will  be  reported  as  soon  as  they  are  ready. 


FD/EQsJrt 

Drawings  attached:  A-‘i'J0l8 

A-55019 

A-55020 


55018 


WAVEFORMS 
(0.5  /I  SEC  CM) 

ot  I T e>i  I T ri  i n D cr  M T 

WWtfWI 

IMPUT  CURRENT 
(2  5C  MA/CM) 

SECONDARY  VOLT. 
(lOV/CM) 


PRIM.  VOLT. 
TO  CENTER  TAP 
(50V/CM) 

PRIM.  VOLT. 
TO  CENTER  TAP 
(fiOV/CM) 


Ay  0-0 

FIG.  9 


TRANSFORMER  3 
SEE  FIG.  4 


R s 47  R,=6800 

FIG.  10 


WAVEFORMS  FOR  DRiVING 


MEMORY- ARRAY 


J 

< 


A-55019 


Rp  - <30  R|  s OO  R2*' 

FIG.  5 


R p = 00  R I * ^ 2 * 39C0 
FIG.  7 

WAVEFORMS 


WAVEFORMS 
(0.5  /xSEC/CM) 

OUTPUT  CURRENT 
IMPUT  CURRENT 
( 250  MA/CM) 

secondary  VOLT 
(25V/CM) 

PRIM.  VOLT. 

TO  CENTER  TAP 
(75V/CM) 

PRIM.  VOLT. 

TO  CENTER  tap 
(75V/CM) 

TRANSFORMER  I 
SEE  FIG.  3 

WAVE  FORMS 
(0.5  /aSEC/CM) 

OUTPUT  CURRENT 
IMPUT  CURRENT 
(500MA/CM) 


SECONDARY  VOIT 
(25  V/CM) 

PRIM.  VOLT. 

TO  CENTER  TAP 
(75V/CM) 

PRIM.  VOLT. 

TO  CENTER  TAP 
(75V/CM) 

TRANSFORMER  2 

FTG . 3 


RpS  lOO  R|  * Rg=oo 
FIG.  6 


Rp=220  R,=  Rz=  3900 
FIG.  8 


/ 

FOR  DRIVING  MEMORY- ARRAY 


A-55020 


r/G.a 

T£3TS£r- 


TH£  £-/Osi.  e€S/5rC!£3  Aec  £Oe  /^£ASUXi/AIO  Coee£NT 


£/G  3 

£^£crje/c£c  c/ecafT  roe  f/g.s-s 


7Wf  e-jjx.  ec S/s  roes  a££  m/e  M£Asue//JS  caee£Nr 


r/&4- 

£L£cre/cAL  aecu/T  poe  r/as-/o 


. iRANSrORMERS  FOR  DRlViNG  MEMORY-ARRAY 





j 0 * 


HniiBii  oeiViCS 


91  ia 

ft  9 V 


vom'pi'RPP^FT’^'h  ?“fP'  ' 5'°“  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVET 


1-^- 

b- 


TOR  ANY  SPECIFICATIONS  OR  OTHER  DATA 

^VE^Lot  ®*  CONNECTION  WITH  A DEFINITELY  RELATED 

NO  BF^P^RTBIIITY  S-  GOVERNMENT  THEREBY  INCURS 

NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEYER:  AND  THE  FACT  THAT  THK’ 

TTT  AT»TrT\  TnTTTnmTT<-iTTf-«v^  _„  TH£ 

SAID  DRAWTNOS  SPECTFTP ATTr»Mo*^r\n*ir^  ■*■  wrviijioiiii.iu;,  Gn.  UN  ANi  WAX  SUPPLIED  THE 
IW  OR  (Y'mi OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 

OR°coTpraATI^nn  MANNER  LICENSING  THE  HOLDER  OR  AJT'  OTHER 

_ CORFORATION,  OR  CONVEYING  A.NY  RIGHTS  OR  PERMISSION  »-r  axittc- Az-rurmT:, 

KJS&  uR  SELL  ANY  r-ATEN"TED  INVENTION  THAT  MAY  IN  ANY  WAY  BERELATElT'ra 

Reproduced  by 

DOCUMENT  SERVICE  CEriTER 

KffOTT  BUILDING,  DAYTON^  2.  OHIO 


